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Key Points
• Stress myocardial perfusion imaging provides incremental diagnostic and prognostic value for detection of coronary artery disease and determining prognosis; patients with abnormal pharmacologic stress scans have a higher event rate than patients exhibiting abnormal exercise scans.
• Imaging variables, such as extent of stress defects, transient ischemic left ventricular cavity dilation, and extensive poststress regional myocardial thickening abnormalities, categorize high-and low-risk subsets better than the Duke treadmill score.
• Diabetics significantly benefit from stress perfusion imaging, and abnormal perfusion scans are associated with a worse prognosis compared with nondiabetics with abnormal scans. • Other patient subgroups benefiting from noninvasive stress single photon emission computed tomographic perfusion imaging are certain asymptomatic diabetics, patients with chronic renal disease referred for renal transplantation, patients referred for intermediate-or high-risk noncardiac surgery, and patients with acute coronary syndromes.
Noninvasive cardiovascular imaging techniques are employed clinically for the diagnostic and prognostic assessment of patients with suspected or known cardiovascular disease.
The technologies vary widely with respect to instrumentation and imaging agents and are in constant evolution. The clinical indications for noninvasive testing with one of these imaging techniques are guided by practice guidelines derived predominantly by the combined efforts of the American College of Cardiology and American Heart Association, often in conjunction with the imaging specialty societies. Almost all of the noninvasive imaging tests available for cardiovascular patients are based on the assessment of regional and global function, myocardial perfusion, determination of myocardial viability, and the state of myocardial metabolism. 1 Cardiovascular imaging is performed under both resting and stress conditions. Stress can be induced by either exercise or pharmacologic means. The latter can be undertaken with infusion of a vasodilator (e.g., dipyridamole or adeno sine) or an inotropic agent (e.g., dobutamine). The combination of low-level exercise with vasodilator stress for radionuclide myocardial perfusion imaging both enhances the quality of images and reduces vasodilator-induced side effects.
This chapter discusses the clinical applications of myocardial perfusion imaging performed at rest and during stress utilizing single photon emission computed tomography (SPECT)-gated technology permitting the determination of the presence and extent of significant coronary artery stenoses, regional and global left ventricular (LV) function, and c h a p t e r 3 6 A myocardial viability. Both the diagnostic and prognostic applications of rest/stress perfusion imaging are reviewed.
Detection of Coronary Artery Disease: Exercise Stress
The sensitivity of radionuclide exercise stress myocardial perfusion imaging for the detection of coronary artery disease (CAD) averaged 87% in 33 studies pooled from the literature. 2 Specificity derived from patients referred for cardiac catheterization who then exhibited normal coronary angiograms averaged 73% in this analysis of patients pooled from multiple studies. The normalcy rate was 91%. The normalcy rate is a variable that diminishes referral bias inherent in specificity determinations that use patients with normal coronary angiograms as the gold standard. This is because the preponderance of referrals to cardiac catheterization among patients undergoing stress perfusion imaging have abnormal scans. This results in a "bias" of having more falsepositive patients being referred for angiography than patients who have true-negative scans. In the literature, the normalcy rate is defined as the percentage of patients who have a <5% pretest likelihood of CAD, who have normal myocardial perfusion studies.
The sensitivity and specificity of exercise myocardial perfusion imaging are higher than the sensitivity and specificity of exercise electrocardiography (ECG) treadmill testing alone, which averaged 68% and 77%, respectively, in 147 consecutively published reports in patients who underwent both angiography and exercise testing. 3 The sensitivity of exercise ECG is very dependent on the level of exercise achieved. Sensitivity is significantly reduced in patients who failed to achieve 85% of age-predicted maximum predicted heart rate (MPHR). It is also reduced in patients with single-vessel CAD. The specificity of the ST-segment depression response is markedly affected by variables such as ECG evidence of LV hypertrophy, digoxin therapy, intraventricular conduction disturbances, significant resting ST-segment abnormalities, and preexcitation syndrome. The combination of perfusion imaging with the exercise ECG stress tests significantly assists in differentiating true-positive from false-positive exercise ST-segment depression responses. Patients with suspected false-positive exercise-induced ST-segment depression should have normal myocardial perfusion scans.
The use of technetium 99m ( 99m Tc)-labeled myocardial perfusion agents (e.g., sestamibi and tetrofosmin) combined with ECG-gating substantially improves the specificity of myocardial perfusion imaging compared to ungated thallium 201 ( 201 Tl) scintigraphy. The ECG-gated SPECT yields important information regarding regional and global LV function that could previously be obtained only with a second test such as radionuclide angiography, echocardiography, or contrast ventriculography. The major reason why gated SPECT improves specificity is that it assists in differentiating perfusion abnormalities due to soft tissue attenuation versus those that are due to myocardial scar. In one study comprising 285 patients, the number of "borderline" interpretations was reduced from 89 to 29, with the percentage of interpretations designated as "definitely normal" increased from 74% to 93%. 4 As described above, photon attenuation on SPECT images can produce artifacts that can be misinterpreted as defects attributed to CAD. In addition to gated SPECT, another major advance in quantitative perfusion imaging is the emergence of attenuation-correction where transmission data from attenuation maps are constructed to correct emission data for photon attenuation. This is presently undertaken using an x-ray source in a computed tomography (CT) scanner that is manufactured in a hybrid manner with a SPECT camera.
5 Attenuation-correction imaging, like gated SPECT, can improve the identification of normal subjects. Ficaro et al. 6 reported the normalcy rate could be increased from 76% for noncorrected SPECT images to 95% for attenuation-corrected images with a concomitant improvement in specificity. Attenuation-corrected stress-only imaging has the potential for eliminating the need for rest images in patients with a low-to-intermediate likelihood of CAD. In one study, 7 10 experienced nuclear cardiologists independently interpreted 90 stress-only ECG-gated 99m Tc-sestamibi SPECT images where myocardial perfusion images were assessed alone and compared with perfusion images plus attenuationcorrected images. Electrocardiography gating was performed for both analyses. With stress perfusion imaging data alone, only 37% of the studies were interpreted as definitely normal or abnormal with a very high perceived need for rest imaging (77%). However, attenuation-corrected data significantly increased the number of studies characterized as definitely normal or abnormal (84%, p < .005) and significantly reduced the perceived need for rest imaging (43%). Another study in obese patients with a body mass index of ≥30, ECG-gated attenuation-corrected 99m Tc-sestamibi SPECT improved specificity (79% versus 50%) compared with ECG-gated nonattenuation-corrected SPECT perfusion imaging.
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Detection of Coronary Artery Disease: Pharmacologic Stress
In patients unable to exercise, vasodilator or dobutamine myocardial perfusion imaging is an alternative to exercise stress for the noninvasive diagnosis of CAD. The sensitivity and specificity for vasodilator stress perfusion imaging are comparable to values derived from exercise imaging studies.
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Vasodilator stress should be employed in patients who are considered unable to adequately exercise or who have resting left bundle branch block (LBBB). Exercise imaging in patients with LBBB yields a high percentage of false-positive septal defects. With the exception of patients with LBBB, low-level exercise should be added to vasodilator stress in order to decrease the ratio of liver/gut to the heart uptake and to reduce side effects. 10 Dobutamine stress is preferred in patients who have bronchospasm or a history of asthma, or in those who have consumed caffeine within 8 hours before testing. Dipyridamole or adenosine administration in patients who demonstrate wheezing on auscultation could result in severe worsening of bronchospasm requiring intravenous aminophylline for reversal. Atropine can be added during dobutamine perfusion imaging if failure to reach 85% of MPHR is observed. In a pooled analysis of 1208 patients from 13 studies, dobutamine
